The Chernobyl accident was one of the largest man made environmental disasters and had significant consequences for people, animal and plants, particularly on land contaminated by radionuclides. Common oak (Quercus robur L.) is the main forest species on land contaminated by Chernobyl fallout areas in the Voronezh region. Therefore it is very important to know how irradiation of oak trees will affect the quality of oak progeny in future consequently. Cytogenetic characteristics such as mitotic activity, level and spectrum of mitotic disturbances, frequency of the cells with persistent nucleoli in the stages of metaphase, anaphase, telophase and multinuclei in interphase cells were investigated in progeny of common oak (Quercus robur L.) trees subjected to different degrees of radioactive contamination. In progeny growing under the influence of this radioactive contamination we observed variability of such cytogenetic characteristics as mitotic activity. However, the variability of this trait was also connected to fluctuations in the weather. The duration of mitotic stages (which may be connected with disturbance of spindle division formation and absence of cytotomy) also varied. An increase in chromosomal bridges among other types of mitotic abnormalities may be considered a result of increases in the meristematic cells repair activities. Activity of some dormant nucleolus organizer regions was also observed. The level of pathological mitoses increased in particular years and was decreased in others. Thus irradiation induces instability of cytogenetic characteristics in oak progeny that produces a type of "wave kinetics" in the mutation rate. This makes them more sensitive to environmental conditions. Therefore we do not recommend to use the oak seeds collected from irradiated areas for reforestation because undesirable genetic changes may have occurred in them.
Introduction
The Chernobyl accident led to large-scale radioactive contamination of forest ecosystems in territories of Russian Federation, Belarus and the Ukraine. It was one of the largest man made environmental accidents and had significant consequences for people, animal and plants, particularly for those living on land affected by radioactive fallout. An understanding of such consequences began in the USSR soon after accident in 1986. It followed several lines which included: study of genetical consequences of irradiation for persons participating in clean-up (the "liquidators") of the Chernobyl disaster and their children; and study of radiation effect on animals and plants (trees and herbaceous). However the results of these investigations have not been published in the Russian scientific literature prior to 1990. At the same time, scientific publications of foreign authors about contamination of soil, air, water, forests , herbaceous plants and doses experienced by populations in many European countries as well as some countries of Asia and America also affected by the Chernobyl fallout were also published in these countries (HAMILTON et al., 1986; BACKE et al., 1987; ELSTNER et al., 1987; HOFFMAN et al., 1988; JOSHI, 1988; BATTISTON et al., 1989; NICHOL-SON, 1989 and other) . The soviet scientists were more interested in study of genetic consequences from Chernobyl Accident for different organisms such as people, animals and plants (POMERANTSEVA et al., 1990; FROLOV et al., 1993; STEPANOVA, VANYURIKHINA, 1993 and other) .
The consequences of the Chernobyl fallout for herbaceous plants has been studied annually since 1986 in Ucraine and Belerus (FROLOVA et al., 1990; SHEVCHENKO, GRINIKH, 1990; DMITRIEVA, 1996; .
A significant variability occurred in plant populations under conditions within the 30-km Chernobyl zone as well as variation in the morphological traits and genetic instability in progeny of the all plants growing in areas contaminated by radionuclides. The consequences of the Chernobyl Accident were investigated more carefully in forest trees. The forests served as the natural filters, which delayed the spreading of the radionuclides. The forest within 30-km zone of Chernobyl particularly suffered. A dose of 8 to 10 Krad, experienced by pine forest had lethal effects. Such pine forests were transformed to a "red forest" . In more distant areas partial pine sterility was observed in 1986 (KHROMOVA et al., 1990 . The complex investigations of pine forest (morphologic-anatomical, cytological, embryological, electron-microscopical) has been studied by Kozubov et al. within the 30 km Chernobyl zone since 1986 (KOZUBOV et al., 1990) . Quercus robur and Betula pendula under conditions within the 30-km zone of Chernobyl suffered less than Pinus sylvestris. Significant cytological abnormalities were detected in some oak and birch trees and their progenies and among them were rare types such as persistent nucleoli in oak and disturbances of cell's cytoskeleton in birch (BUTORI-NA et al., 1997) . The consequences of Chernobyl Accident for forest trees were investigated also in contaminated territories of Belarus and Russia (KHOTYLEVA et al., 1992; Butorina, Evstratov, 1996) . There were many areas in Russia which were suffered also as consequence of Chernobyl accident and Voronezh region was one of them. Therefore the objective of our investigation was to reveal the possible genetic effects in progeny of oak trees distant of the Chernobyl accident. The determination of these distant genetic effects of irradiation on oak is important because it answers the question of whether acorns selected from contaminated areas can be used for reforestation. In addition, cytogenetic monitoring of oak progeny provides an objective estimation of environmental state of areas affected by radiation as a result of the Chernobyl accident.
For this study the following cytological parameters were studied in oak plants: the mitotic activity (MA); the speed of cells through each stage of mitosis; the level and spectrum of mitotic disturbances (mitotic pathologies -MP); the frequency of cells having two or more nucleoli per nucleus as reflecting the state of organisms' genetic apparatus.
Materials and Methods
This study of cytogenetic effects of radiation on oak progeny and the cytogenetic monitoring of the environment using oak as test-object was conduced near the settlement of Starii Kurlak in Anninskii district of the Voronezh region, where soil contamination by the isotope caesium-137 in 1986 reached 3 µCi/m 2 (Ecological Informational Bulletin ... , 1993) . The settlement of Starii Kurlak is located about 100 km to the South-West of Voronezh, on the Oksko-Donskoy plain near the Bitiug River, which is part of the left tributary of the river Don. The climate is temperate, with a continental average January temperature of -9.5°C and a July average of +20.7°C. Average annual precipitation is 550 to 560 mm (with a maximum in spring-summer period). The duration of the vegetation growing period (with temperature above +5°C) is 190 days. The soils are typical chernozem.
The seeds were collected with three experimental areas: Kashara -in 1996 Kashara -in and 1998 Kashara -in (no crop in 1997 ; Kushelevo -in 1996 , 1997 (Preservs and Reservs ... , 1983 ; and Yasnaya Poliana in 1998. These test areas are located between 5 to 7 km to the south of the settlement of Starii Kurlak. The distance between test sites was 1.5 to 2 km. All experimental areas were very close together and similar in soil and climatic conditions and type of forest species, so that they can be considered as replications. However they differed in the level of Cs-137 contamination because the radionuclide spreading on the soil's irregular surface. The Gamma background radiation levels during seed collections was not higher than 14 to 17 (R/h. The level of contamination by Cs-137 was 0.74 µCi/m 2 in Kashara in 1995 and 0.15 µCi/m 2 in 1998; in Kushelevo 0.15 µCi/m 2 in 1995 and 0.07 µCi/m 2 in 1998, and in Yasnaya Poliana 0,23 µCi/m 2 in 1998. It is possible, that the decrease in soil contamination by Cs-137 is connected with its natural migration into deeper soil layers and is not affected by anthropogenic activities. Therefore we can consider the obtained cytogenetic effects in oak progeny as consequences of the radioactive contamination.
For the investigation we collected 25 acorns which did not show any damage by insects or fungus, from groups of phenotypically normal trees growing in each experimental area. In each year of the study the yield of acorns was abundant. The age of oak trees in these natural stands was about 100 years. They grew mixed with pine trees. The oak seed collected in the Usmanskii forest (in district Venevitinovo Training and Research Center of Voronezh State University) were used as controls. Usmanskii is a natural forest area located 30 km westward of Voronezh. It has the same soil and climatic conditions as the experimental areas. Pinus sylvestris L. is the main forest species here. It grows mixed with common oak, birch and other woody species. Contamination of Usmanskii forest by chemicals and radionuclides did not exceed maximum allowable concentrations (MACs). MACs were determined for the more than 20 different contaminating elements, for example: Pb, Zn Cu and others. Fluctuations in the gamma-background radiation levels were from 10 to 14 µR/h. Collection of seeds from the control area was conducted in the same way as it was in the experimental areas. We compared the experimental data on cytogenetic traits in oak seed progeny for 1995 and 1996, because in 1997 and 1998 there were no acorns available from the control area. As a result, statistically significant differences between cytological traits of progenies for these two years were absent. Investigations in these years (1995 to 1998) was characterized by abundant acorns crops in this region. However in 1997 and 1998 most acorns were damaged either by pests or disease.
Root tips of plants were used as the material for investigation. Acorns were grown in moist sand at room temperature and when roots reached a length of 2 to 3 cm root tips were excised and fixed in an ethanol:acetic acid (3:1) solution . The samples were fixed 22 hours after emergence, when the peak of mitotic activity took place (BUTORINA, KALAEV, 1998; KALAEV, 2000) . Fixed material was kept refrigerated at a temperature of 4°C. Squash preparations were made and stained by haemotoxilin using a standard method used in our laboratory (BUTO-RINA, KALAEV, 1998; . Samples from root tips of 7 to 10 plants were used from both the control and each of the experimental areas. Root tip squashes were examined using a Laboval-4 microscope (Carl Zeiss, Jena) under magnifications of 600 and 1,500. In each squash the total number of cells (not less than 700), the number of dividing cells in each mitotic stage, and the number of cells with pathological mitoses were recorded. The number of cells with persistent nucleoli on the stages of meta-, anaphase and telophase were also recorded. We determined the mitotic index (the percent of dividing cells out of the total number of meristematic cells examined), the number of pathological mitoses out of the total number of cells and the number of these cells in each of the stages of metaphase, anaphase, telophase; the number of metaphase, anaphase and telophase cells with persistent nucleoli out of the total number of cells in each stage; the distribution of cells in the stages (the parts of anaphase and telophase cells were summarized because differences between these stages are difficult to determine). Classification of pathological mitoses was carried out using the method of ALOV (1965, 1976) . According to this classification all mitotic pathologies may be divided into Kalaev et. al.·Silvae Genetica (2006) three groups: 1) mitotic pathologies connected with chromosomal damage (delay of mitosis in prophase; disturbances of spiralization or dispiralization of chromosomes; early disjunction of chromatids; chromosome fragmentation and pulverization; bridges; lagging chromosomes; formation of micronuclei; irregularities of chromosomal segregation; swelling and stickiness of chromosomes). 2) mitotic pathologies connected with injury of mitotic spindle (delay of mitosis in metaphase; C-mitosis; dispersion of chromosomes in metaphase, multipolar mitosis; asymmetric; monocentric mitosis). 3) disturbances of cytotomy (cytokinesis) (delay or absent of cytotomy; precocious cytotomy). The spectrum of pathological mitosis was counted as the number of a particular type of pathology out of the total their number.
The frequency of mitotic disturbances was expressed as a percent from the dividing cells' total number. The number of cells with a different number of nucleoli per nucleus was determined. Microphotographs of persistent nucleoli were made by using system of Videoimage (VideoTest-S.-Pb.). The results were processed statistically using the STADIA software package. The procedure of data grouping and treatment was described by KULAICHEV (1996) . Cytogenetic characteristics of oak were compared using the following criteria: the frequency of persistent nucleoli and mitotic disturbances, using the nonparametric Van der Varden rank X-test. The mitotic index and the number of cells with n nucleoli per nucleus were compared using the parametric Student's test, and the variance using the Fisher's test. The parts of cells with different types of mitotic disturbances were compared using of its angular transformation and introducing of Ieit's correction by LAKIN (1990) . For detect of correlative dependence parametric coefficient correlation (r) and Spearman's coefficient of rank correlation (r S ) were used.
Results
The results of our investigations of the main mitotic parameters in oak trees progeny from all experimental areas in settlement of Starii Kurlak as compared with control variant were presented in Table 1 . All mitotic parameters varied between the different areas ( Table 1) . It may be a consequence of different degrees of contamination in these areas by radionuclides or due to differences in parental genotypes in their ability to tolerate the radioactivity. The difference of mitotic parameters was observed over several years may be a consequence of fluctuation the weather factors (temperature and moisture). The most important parameter was the "mitotic activity". Mitotic activity can judged by mitotic index, which is determined at peak daily mitotic activity, which is in 22.00 hours (BUTORINA, KALAEV, 1998) . It has been shown that mitotic activity in plants in 1996 compared with mitotic activity in 1997 was reduced. This could be caused by decreasing levels of Cs-137 in the soil. However, there was no correlation between these factors because in the experimental area at Kushelevo the mitotic index in meristematic cells of oak plants in 1997 increased to 15.2 ± 1.4 % and in 1996 it was 13.8 ± 0.7 % as compared with the control (13.5 ± 1.6 %). However, a correlation between the parameters of mitotic index and content of Cs-137 in soil was absent. In 1998 in all the experimental areas oak progeny showed a significant decrease in mitotic index as compared to the control and the same parameters in preceding years (P < 0,05). However, this process can not be considered as a reduction in activity because the low mitotic index was within the limits of variability for this trait (KALAEV, 2000) . The peak of mitotic activity may be shifted by the different environmental factors. The possibility of such a phenomenon has already been noticed . In this work experimental data varied in different years, however, by comparing Table 1 . -Cytogenetical characteristics of oak progeny from trees growing in areas subjected to radioactive contamination in 1986 as a consequence of the Chernobyl Accident, frequency in % and content of Cs-137 in the soil in Ci/km 2 .
Designation: * -differences with control are significant at (P<0.05); ** -differences with control are significant at (P< 0.01); *** -differences with control are significant. and 1998 showed a similarity. This provides evidence for a single-direction processes, continuing after radiation contamination in the experiment areas that is effected by the modulating influence of other factors (such as the weather). The fluctuations in mitotic activity highlights this problem. On the experimental area at Kashara in 1996 the variance increased in 1998 decreased below the control in other experimental area, such as Yasnaya Poliana ( Table 2) .
Differences in the control of this trait were not observed at Kushelevo. This area had the lowest content of Cs-137 in the soil as compared to the other experimental areas.
Considering that maximum level of Cs-137 was noted in 1996 at Kashara, and in 1996 at Yasnaya Poliana we found a correlation between contamination of the area by radionuclides and genetic heterogenity of oak progeny. The more significant fluctuations in progeny heterogenity were observed in the mitotic index. Thus, in populations we can observe the formation of a "wave processes": in one cases a large number of fast growing forms will arise (with high mitotic index) and in others, a slow growing group (with low mitotic index) and their frequency may be reduced to the limits of normal of variability.
The data calculated excluding prophase cells was very interesting. This trait was higher in all experimental areas as compared to the control. It was a result of reducing the number of prophase cells and increasing the number of metaphase and /or anaphase-telophase cells ( Table 1) . According to the work of ALOV (1976), KASANZEVA (1981) , KOLTOVAYA (2002) the variability of mitotic index calculated excluding prophase cells can be considerated as a disturbance in the processes of formation the spindle apparatus and cytokinesis in dividing cells. Thus the effects on oak progeny of irradiation are seen as changes in the metabolic processes which leads to a disturbance in mitotic apparatus formation. Taking into account changes in the duration of the different stages of mitosis we suggest that mitotic disturbances must be determined depending on how the data in interpreted (including prophase cells or excluding them).
Comparision of experimental and control parameters of pathological mitosis calculated including prophases cells showed they increased in different years on all experimental areas with exception of Kushelevo in 1996. However, an analysis of the mitotic disturbances excluding prophase cells, where disturbances are not observed as a rule, showed an increase in only one experimental area, Kashara in 1996. Comparision of the number of mitotic disturbances both including and excluding prophase cells revealed an increase in 1997 in the experimental area at Kushelevo as compared to 1998 (P < 0.05 ) and decrease in the number of disturbances in 1998 at Kashara as compared to 1996 (P < 0.05). The comparision of pathological mitosises frequency in plants on different experimental areas in the same year did not show significant differences, therefore we can not consider that the change in pathological mitoses is explained by dynamic changes of Cs-137 variability into soil. We can agree with the opinion of DMITRIEVA et al. (1999) that irradiation induces an instability of cytogenetic traits in plants. The wave kinetics observed over the 10 to 12 years after the Chernobyl accident is explained by the existence of radiosensitive fraction among the progeny.
Under optimum and approximately similar conditions the radiosensitive fraction is maintained which contains a high frequency of mutations, that is revealed in the progeny. Under unfavourable conditions this fraction is reduced or eliminated which is manifested in a reduction of induced cytogenetical disturbances approaching the levels in the control population (DMITRIEVA, 1996; . It useful to use cytogenetical trait, "mitotic pathologies", calculated both including and excluding prophase cells to determine the level of radiation damage.
Calculation of mitotic pathologies by including prophase cells, in our oppinion, is the preferred method to determine the level of radiation damage because it allows diagnostic of changes in its function, which is seen as an increase in mitotic pathologies and /or a change in the duration of the different stages of mitosis. This may be explained by disturbances of the formation of the spindle fibres or cytokinesis. In order to determine more precisely why the disturbances of mitotic apparatus took place it is necessary to count the number of mitotic pathologies excluding prophase cells and record the distribution cells in the different mitotic Designation: * -differences with control are significant at (P < 0.05). Kalaev et. al.·Silvae Genetica (2006) A summarized range of mitotic disturbances is shown graphically on Figure 1 (the data on each point is for all years of the investigation combined). As it can seen in Figure 1 , an increase in chromosomal bridges and a decrease in the number of chromosomes delaying in metakinesis took place in oak plants in the all experimental areas compared to the control. A similar spectrum of cytological disturbances were observed in issues, where a repair mechanism for genetic damage was active (AKOPIAN, 1967; SIMAKOV, 1983) . There is evidence of an increasing repairing ability of the root meristem cells in oak plants affected by irradiation. The comparison of the range of mitotic damage in oak from the different areas did not show significant differences. This confirms the hypothesis of a correlation between cytogenetical effects and soil contamination by Cs-137. Apparently the increased repair abilities and change in cytogenetical features in oak progeny are explained by the activation of genetic systems in an organism after stress. Squashes of root tips of oak plants from different experimental areas showed significant variation in the number cells with two nucleoli per nucleus. Variability in this feature may be evidence of activation of latent nucleolus organizer regions. Normally common oak has two pairs of chromosomes with nucleolus organizers regions. If there are more than two nucleoli per nucleus it may indicate an increased metabolic activity. Such mechanisms have been discussed by many authors (MURATOVA, SEDELNIKOVA, 1999; KALASHNIK, HAIDAROVA, 1999; KALAEV, KARPOVA, 2003) . The frequency of the cells with two nucleoli per nucleus is shown in Table 1 . In oak plants from the experimental area at Kushelevo in 1996 the number of cells with two nucleoli per nucleus decreased compared to the controls (in experiment 1.6 ± 0.5 %, in control 3.1 ± 0.3 %, P < 0.05), and in 1998 the number increased (in experiment 6.5 ± 1.3 %, P < 0.05). It the same year, in two oak plants collected at this site, three cells with five nucleoli per nucleus were found. Such a phenomenon is not normally typical in oak. In 1998 in the experimental area at Kashara the number of cells with two nucleoli per nucleus increased (in experiment -4.5 ± 0.5 %, P < 0.05). Although the frequency of cells with two nucleoli per nucleus in the control sample did not correlate with the other cytogenetical characteristics, there was a negative correlation with the mitotic index (r = -0.325, P < 0.05) and the number of prophase cells (r S = 0.185, P < 0.05) showed a positive correlation with the frequency of mitotic disturbances when calculated including prophase cells (r S = 0.351, P < 0.01) as well as excluding them (r S = 0.185, P < 0.05). According to ROSTOVA (1999) , under favourable conditions the correlation between traits was limited but and increased under stress. Therefore we can suppose that in oak two mechanisms of adaptation to such stress can take place. The first is manifested as a variability in the number of prophase cells (a positive correlation with pathological mitoses (r S = 0.231; P < 0.05), the second is dependant on activation of the nucleolus organizers regions (which may also be dormant)) because the frequency of cells with two nucleoli per nucleus is in negatively correlated with the number of prophase cells and is positively correlated with the frequency of mitotic disturbances as calculated by excluding prophase cells. Therefore we can suppose that these mechanisms of adaptation are correlated and they compensate for each other. It is possible that after radiation damage of oak, the dormant nucleolus organizers in the progeny become active. In oak seeds persistent nucleoli were observed in the stages of metaphase, anaphase and telophase (Fig.  2) . The frequency and the number of investigated plants with such nucleoli are shown in Table 3 . The frequency of persistent nucleoli in mitotic metaphase cells was lower than in controls or they were absent in 1996, 1997 and in 1998 differences with controls were not found. The occurrence of persistent nucleoli in oak with a high frequency (37 %) was detected in meristematic cells of two-year old seedlings from seeds collected within a 30 km zone of the Chernobyl power station in 1986. This phenomenon consisted of puffing of the chromosomes under conditions of radiation thus expressing of many rDNA genes (BUTORINA, ISAKOV, 1989; . However, later persistent nucleoli were also detected in peak of mitotic activity in oak growing under . 2 = bridges ( Kushelevo -42.9 %; Kashara -62.5 %; Yasnaya poliana -56.2 %; control -25.5 %. 3 = delayed chromosomes in anaphase (Kushelevo -4.8 %; Kashara -4.2 %; Yasnaya poliana -0 %; control -4.9 %). 4 = uncommon pathologies (Kushelevo -3.2 %; Kashara -2.1%; Yasnaya poliana -0 %; control -5.3 %); 5 -agglutination of chromosomes (Kushelevo -3.2 %; Kashara -0 %; Yasnaya poliana -0 %; control -8.4 %). Kalaev et. al.·Silvae Genetica (2006) 
Discussion
The effects of irradiation from the Chernobyl accident on oak progeny growing in the Voronezh region was studied for the first time. Quercus robur is one of the most important forest species in the Voronezh region and it is important to know what genetic consequences may occur in progeny of irradiated trees in determine their future use in reforestation. The problem of the effects of irradiation has been studied with respect to people and animal at different levels including cells, organisms, and populations. It has been shown that cultivated cells of irradiated organisms showed a high level genomic instability. This irradiation-induced genome instability is characterized by a high frequency of chromosomal and gene mutations, an increased number of micronuclei, increased micro-and minisatellite variability, increased malignant transformations, and increased clonal heterogeneity. In these cells high rates of gene amplification and disturbance of cell differentiation were also observed (KRONENBERG, 1994; LOEB, 1994; MORGAN et al., 1996; LITLLE, 1998; JAMALI, ROTT, 1996; MEYN, 1997; TROTT, TEIBE, 1998; LIMOLI et al., 1999) .
Studying cytogenetic after-effects in irradiated plants showed a variability and lability in the cytomorphologic traits after acute irradiation and after low level irradiation, which induced genome instability (POZOLOTINA, 1996; 2003) . In some plant populations increases in chromosomal aberrations was recorded. The number of aneuploids and organisms with B-chromosomes increased in such populations (DMITRIEVA, 1996; . In other irradiated populations a decrease of chromosomal disturbances took place relative to the control population and then a "wave kinetic" type of mutagenesis was observed. The essence of the wave kinetics is alteration of increasing and decreasing of mutation frequency in particular populations. The causes of this phenomenon is not known. It is believed that it could be a response to the short-term acute or long-term weak Table 3 . -The frequency of persistent nucleoli (PN) in metaphase cells of root meristem of oak plants from seeds collected in the experimental areas in the vicinity of Starii Kurlak.
Designation: * -differences with control are significant at (P < 0.05). influence by ionizing radiation, leading to radiationinduced genome instability. There are two possible main mechanisms of its origin: 1) hereditary variation, conditioned by an increase of mobile genetic element induction; or, 2) conformational genome reconstructions changing the activity of genetic regulation of the cell differentiation processes. The effect of such mechanisms will depend on the intensity of biotic and abiotic environmental factors on the affected organisms (POZOLOTI- NA, 1996; 2003) . Our publication describes the cytogenetic consequences of radioactive contamination of oak progeny in areas where the gamma-background were already normalized. However, it is very important for resolve the question of the possibility of using the seeds from trees growing on contaminated areas for reforestation and also to provide a method for cytogenetic monitoring of areas affected by Chernobyl fall-out using progeny of common oak. We observed effects of radiation-induced genome instability in progeny of oak trees growing within 30 km zone of Chernobyl soon after accident in autumn 1986. Such effects were dramatic (BUTO-RINA et al., 1997) . However our present investigations conducted through more than 10 years after Chernobyl Accident in the districts of Voronezh region affected by Chernobyl fallout also showed the genomic instability in oak plants from seeds gathered from these districts. It is manifested as a variation in mitotic activity (the variability if this trait depended on fluctuations in weather conditions) as a variability in the duration of the mitotic stages which was affected by disturbances in spindle formation and cytokenesis following irradiation. In spite of normalization of the background gamma radiation in the experimental areas in oak progeny, the higher incidence of chromosomal bridges was observed as evidence of the cells increased repair activities. The occurrence of the cells with 4 to 5 nucleoli instead of the normal 1 to 2 suggests that dormant nucleolus organizer regions were activated.
The low frequency of persistent nucleoli in oak progeny under conditions of gamma-background normalization provides evidence of their metabolic processes normalization.
However it has also been shown that in some years the level of pathological mitosis increased. These data are in agreement with the concept of a wave kinetics of type mutation process in plants following irradiation. On our scale of genetic sensitivity to stress factors , cytogenetic effects in progeny caused by irradiation can be estimated. In 1996 and 1998 in the experimental area of Kashara damage to the genetic apparatus was estimated as medium because the number of pathological mitoses increased and mitotic activity was changed. In other experimental areas such effects were reduced.
Because in the all experimental areas the duration of different mitotic stages was changed we may suppose that it is a more sensitive criterion for estimating the stress influence on species with small number of chromosomes. From the results of the present investigation the conclusion can be drawn that by using of oak progeny from districts subjected by radioactive contamination for aim of reforestation, even after ten years, is not desirable or such seeds must be used carefully (only after examining their cytological parameters) for reforeststation, because such seed material can result in poor quality forest stands. 
